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Introduction 

The tracking of s a t e l l i t e s  may be used f o r - t h e  determination 
I 

of space position of a s a t e l l i t e  i n  a coordinate system of ref-  

erence s ta t ion  for  the melioration of elements i n  the o rb i t  of the 

s a t e l l i t e ,  for  the determination of unknown coordinates of s ta t ions  

etc.  To solve these problems; i t  i s  necessary t o  have synchronous 

pairs. However, with the u t i l i z a t i o n  of passive s a t e l l i t e s ,  only 

quasi-synchronous observations may be rea l i s t ica , l ly  made. 
J The cal-  

culation of s a t e l l i t e  coordinates corresponding t o  the moment 1 

/ 
of synchronization i s  effected by graphic or  analytical '  methods. 

The author suggests the u t i l i z a t i o n  an interpolated Lagrange 

formula. A t  the I n s t i t u t e  of Theoretical Astronomy a program 

was compiled f o r  the computation of the Lagrange polynomial on 

a BESM-2 computer. The r e su l t s  of these calculations a r e  pre- 

sented i n  t h i s  a r t i c l e .  Synchronous tracking of s a t e l l i t e s  has 
\ 

received wide use during the pas t  few years. These observation8 

may be u t i l i z e d  f a r  the determination of space location of the 

s a t e l l i t e  i n  a coordinate system of reference s ta t ions for  the 

melioration of o rb i t  elements'of a s a t e l l i t e ,  fo r  the determination 
J 

of coordinates of unknown s ta t ions  and for  the solution of a '. 

-' ser ies  of other problems. When solving these problems, i t  i s  

necessary to  have synchronous pairs ,  tha t  i s ,  the values of the 

. .. . .  
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\ 

the  topocentrical dimensions and the direction to  the s a t e l l i t e  

o r  the distance t o  i t  obtained by several s ta t ions  in  one moment 

of time. 

However, with the u t i l i za t ion  of passive s a t e l l i t e s ,  that  i s ,  

s a t e l l i t e s  not rendering l i gh t  s ignals ,  only quasi- synchronous 

observations may be effected.  With these observations, a t  every 

s ta t ion  within a cer ta in  lapse of time, the topocentric coordinates 

of the s a t e l l i t e s  a re  measured independantly i n  t h i s  case. As a 
J 

resu l t ,  i n  a se r ies  

we have a ser ies  of ob served quant i t ies  
,/ 

J 

Y1Y Y 2 9 " ' ¶  Yn 

Moreover, yi characterizes e i ther  the topocentrical direction t o  

the s a t e l l i t e / d :  , , h or  A / ,  which i s  the distance to  i t  / 

Since the observation moment t for  the various s ta t ions  doe? i 

however they may be close to  one another, 
\ 

not usually coincide, 

then a problem a r i se s  - to  compute the synchronous coordinate pairs  

tn * for  a cer ta in  moment t ,  sat isfying the dondition tl 

This problem may be solved by e i ther  graphic or ana ly t ica l  

methods, which have been suggessted by various authors [ 1 , 2 , 3 ] .  

, The graphic method, which i s  the simplest i n  concept, i n i t i a l l y  

- received wide u t i l i za t ion ,  Calculating by the ax is  absckssa of 
\ 

the moment of time ti' and by the axis of the ordinates which i s  

/ 

the observation of dimensions y and then conducting through i9 
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the obtained points smooth curve, one can receive the known dim- 

ensions of with this curve y to-thee liptic mornene: t. The values 

y'l) and y"), found in this fashion for two stations well represent-, 

ed in themselves, a synchronous pair of topocentric coordinates. 

The advantage of the graphical method and its simplicity is 

contained in that for which it allows to immediately reject those 

quantities y which contain errors, The main disadvantage is that 

it is very time consuming and does not permit computerized cal- 

culations. 

i 

1 
With the calculation of large series of observations 

this method takes a considerable amount of time and effort. 
/ 

This is one reason why various analytical methods"were pre- 

sented which permit the mechanization of the computations. The 

empirical formula, with assistance which all presented observations 

are made can be selected as a polynomial Zm/t/c with a small 

number of parameters - Ao, A 1 , *  0 - ,Am* 
in m = 1 are less than the quantity of observations in, then the 

parameters are determined by a method of lesser squares. Luthering 

ourselveF, for example, by polynomial of the third 0rder.Q /t/c 4- 

with four parameters we can express 

If the number of parameters 
\ I 

3 

'. 
\ - The main advantage of this method is its ease of programming 

the parameters A / j = 0, l,*,., m/ in computers. The difficulty 

consists in the selection of numbers of parameters. If the num- 

ber of parameters is significantly less than the number of ob- 

j 
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servations, then the separate observations may have systematic 

. .  

declinations from the obtained analytical curve 2. In this case 

all of the combined observations may be subdivided into several 

parts and for each one a determination of its own parameters is 

made, The example of such calculations is given in work [ 11, 

However, another method may be used. If for moment ti there 

is a series of observed quantities y./i=1,2,. . . ,n, then one can 
construct a function L/ti=yi, L/t 2 = y2,. . . , L/tn/Tn. 
L/t will represent itself as a polynomial n-1 cautions in first 

1 

Function 

t 

'. 
'.. 

degree*.while the value of the argument ti are designated as a node 

of the interpolations, Such forms of polynomial are well-known , 
for example, polynomials of Newton, Lagrange and others. It is 

/ 

.' 

expedient in this case to utilize the interpolation of the Lagrange 

polynomials, since the other remaining polynomials are presented 

for equal values of the argument. Having n value of the argument 

ti and functionhi, we can express an interpolate Lagrange formula 

in the following manner: 

where 

. . .. 

/3/ 

, . . -  ..I . .  , . . . .. h .  , . , .  .- .-> 

Formula 3 permits the calculation of the values of quantity 

y at a given moment t. The interpolated curve, given by formulas 
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\ 

3 and 4 traverses through all values of yi, and consequently, in 

this case there will be no systematic declinations of observations 

from the given curve. However, if some of the observed quantities 

y. contain contingent errors, then the interpolated curve L/t will 
1 

repeat these errors, Then it becomes very expedient to exclude 

from series I the observed quantities yi of these values which 

contain the most contingent errors and to construct curve 3 util- 

izing only the remaining interpolation nodes. Since this problem 

does not have a strict or a single solution, one can attempt to 
z 

/ 

resolve it by approximated methods, One of the possible methods 

of the solution may be as follows. 
/ 

First of all, utilizing all observations yi, we compute by 

the polynomial 2,/t in the form of 2 that is, we determine by a 

method of lesser squares of its parameters Ao,A1,...,Am. Usually 

it is sufficienc tolimit ourselves with the polynomial of the 3rd 

or 4th degree. ' Then we calculate the value of polynomial Qm/ti 

for all ti and find the difference of observed and calculated 

quanti titis 

Note, that if significantly exceeds the accuracy of the 

'~ .. . observations, then we can either increase the degree of polynomial 
.\ 

2 /t to the one minute or limiting ourselves for the same poly- m 
nomial to vary the aggregate of the observation quantity 1 into 

j 
two parts, from each one the determination of the parameters A 
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would be effected, 

Obtaining value in , we 'calculate the ,average value of 
formula 

. /6/ 

which are found by formula 5, characterize to 

a certain degree, the accuracy of each separate observation. The 

explured from further processing these observations for which 

i' Quan t i t ie s 

J 

In this manner, the polynomial %/t in this case plays I / 

an auxillary role and serves for the processing of erroneous ob- 

servations, 

interpolation nodes, we construct and interpolated Lagrange curve 

L / t ,  determining formula 3 and 4 .  

Examining all remaining values of arguments ti as 

We obtained curve L/t serves 

as a direct detepination of quantities y for selected synchronous 

moment t. 

In the Institute of Theoretical Astronomy a program was com- 

piled for*the calculation of the Lagrange polynomials by formulas 

3 and 4 on a BESM-2 computer. By the given interpolation nodes 

1' tl, t2,, . e ,fn and by the corresponding values of functions y 

Y y  0 3Yn this program permits for any argument t to calculate 

the value of the Lagrange polynomial y = L/t. 

'. ... 
- '\ 

Below are given results of investigations of two observation 



- 8- 

! 

I 
i .  
! 

1 '  
\ 

ser ies .  In  tables 1 and 2 a re  presented topocentric declination 

for  s a t e l l i t e  65061, observed on September 2 2 ,  1965 a t  Stations 

No. 1024 - Kishenev and No. 1017 - Dneprotepousic, path No. 132 

[ 4 ] .  In these tables t i s  the universal observed s ta t ion  time 

a - are  factors  calculated by formula 5. Note that  the 

theoret ical  accuracy of topocentric coordinate determination from 

visual observations a t  an order of 0. 01 by h 

For s ta t ion  No, 1024 -.Kishinev we have; 

1 No I : , 

3 I, 

4 '  
, 5  
:- . 6 *, 

: .8 
7 

9 
IO 
I1 

, I2 
13 
II_ 

t 

17' 5 5m21 f 9 
'55 27.9 
55 3I.? 

, '55 38.4 
55 42.6 
56 42.0 

'> 56 43.4 
56 46.1 
56 56.0 
5€ 58.8 
57 01.1 

' 57 10.4 
I7 57 X8.9 

zd 

*.. 

Table 1 

S -  

38 IO 
38 IO 

s. 35 00 - 

0'46 - 0.07 - 0.41 
0. I6 

. 0.29 
0.67 
0.39 . 
0.41 - 2.95 
0.59 
0.43' 

.- 0.33 ' 

. 0.35 

0'24 - 0.10. 
- 0.34 - 0.16 
0.38 - .LO2 , - 0.09 j 

- 0.12 ; - 0.11 ' 

0.25 

- 
0. 0s 

. c.01 

. Processing the observations on the f i r s t  by the 13th and .. " 

.\ 

limiting the polynomial t o  the 3rd order, we obtained 

'8 .S 5)?372 + 29?6231/t-tl/ - 33?9400/t-tl/ 2 0  +7.3427/t-t;/>, /7/ 
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where t - el while, a tl a 17h55m21?9. 

eD 

Then by formula 6 we calculate = 0 . O 5 8  and find that 

2nd point I . This observation, obviously 

a large contingent error .  I f  we construct a polymonial 

only a 

contains 

i n  the form 

of 2 by a l l  of the aggregate observation including 11, we obtain: - _- , A -  - - .  - ' ~ ~ - -  -- -._ -. .--. . -___ ___ . - 

b = 53(1594 + 26?4648/t-tl/ .. 31?a66a/t-t,/2+6~4b32/t-t1/3. /8/ I 

L 
i - _  - -  -_ 

. .  
_I - . -  

Then determining fo r  polynomial 8 ,  , and comparing them 

with corresponding , we see tha t  almost a l l  a r e  l e s s  

Consequently polynomial 8 presents a bigger picture of aggregate 

observations and polynomial 7. Therefore, with the calculation 
/' 

of the Lagrange polynomial 3 i t  follows i n  the capacity of inter-  

polation nodes t o  moments t i n  table  1 excluding moments 

S 17h57 01. 1. m 

Now we examine the s a t e l l i t e  observations concluded 
\ 

J 

No.  1017 a t  Dneprotepousic. 

- Table 2 

...... - ..L ' 

- 
51 - 

i n  s ta t ion  

/ 
I 
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Presenting the aggregate of the observations with the aid 

of ,polynomial in the form of 2, we obtain: 

&= 32:706 + 10?0961/t-tl/ - 600090/t-~~/2~.~~029/t-t1/3. /9/ 
\. 

h a s  where !tl= I7 5646.6. 

by formula 6 we find No observation 

Consequently it can be assumed that polynomial 9 well represents 

Then we' calculate for every observation 

the aggregates of the observations. However, the analysis of 

that the declination of the observed quantities from those 
i 

values which were calculated by formula 9 have a systematic char- 

acter. 
/' -, 

This, is why it is expedient to present the aggregate of the 

table values with the aid of Lagrange polynomial 3 examining a11 

values of t as interpolation nodes. Note that the suggessted 

methods may be qtilized not only with the selection of synchronous 

pairs. It may be implimented in any case when, for arguments 

tl,t2 ,... ,t 
and at this there is a necessity to calculate the value of y for 

are given tables of function values yl, y,, ..., yn n 

/ 

argument t which satisfies the conditions tl 
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